Ecosystem services (ES) mapping make the benefits of nature spatially explicit. The different methods used for ES mapping limit the comparability of outcomes and call for a more consistent but flexible approach. We present a four step tiered approach for ES mapping supporting scholars to select the adequate combination of variables: First, the user, researcher or policy maker defines the goal of the ES assessment. Second, a meta-analysis of relevant ES mapping studies is conducted to identify key variables for mapping the selected ES. Third, the identified variables are attributed to the different levels of the multitier framework according to the level at which they best answer the policy or research question. Finally, appropriate methods for mapping the ES are selected based on the reviewed studies. We illustrate the approach for recreational services at three different tiers. Main advantages of the tiered approach are that (i) it can be adapted to other ES, (ii) it supports the efforts toward a standardized ES assessment, (iii) it provides information about relevant variables to be considered in long term monitoring at different scales, (iv) it supports sustainable resource management as it ensures the inclusion of information relevant to decision makers at different levels.
Introduction
Quantifying and valuing ecosystem services (ES) -the goods and services provided by ecosystems to society (Millennium Ecosystem Assessment, 2005) -is increasingly used to guide decision making in the search for sustainability. The number of research studies and reviews on ES mapping are growing exponentially (e.g. Kareiva et al., 2011; Seppelt et al., 2011; Martinez-Harms and Balvanera, 2012; Schägner et al., 2013) , and efforts are taken to make the ES concept operational, for example under the umbrella of OpenNESS, OPERAs, or GreenSurge-all FP7 projects designed to operationalize the concept of ES in the context of EU legislative frameworks. As the determinants of both the supply and demand of ES are spatially variable, mapping ES values has as well gained increasing attention in current research (see Schägner et al., 2013 for a review). ES mapping has been used to investigate how ES values vary across space and to identify spatial areas with high or low provision and high or low demand for ES which in combination reveal areas under pressure (e.g. Eigenbrod et al., 2010c; Grêt-Regamey et al., 2013a) . Combined with scenarios about changes in environmental, societal or economic conditions, or governance structures, mapping of ES supply or values has been used to investigate the sustainability of future developments and define areas sensitive to changes (e.g. Costanza et al., 2006; Metzger et al., 2006; Grêt-Regamey et al., 2008 , 2013b Daily et al., 2009; Nelson et al., 2009; Tallis and Polasky, 2009) . While most of these case studies show growing loss of ES supply and increasing demand for the services, monitoring these changes using standardized methods becomes indispensable. Supported by the multiple initiatives progressing in ES value mapping (e.g. TEEB, ARIES, UKNEA), the EU Biodiversity Strategy "Our life insurance, our natural capital" has called their Member States to map ES under Action 5, Target 2 (European Commission, 2011) by 2014. Yet, the many different methods used for quantifying, valuing, and mapping ES limit the comparability of outcomes and call for standardized methodological approaches supporting their use in decision making (Maes et al., 2012a (Maes et al., , 2012b Martinez-Harms and Balvanera, 2012; Crossman et al., 2012 Crossman et al., , 2013 .
Different methodologies and tools have been developed for quantifying, valuing, and mapping ES. Martinez-Harms and Balvanera (2012) distinguish five different methodological approaches to map ES: The first covers a very simple method that establishes binary links between land cover and a constant ES value for supply or demand obtained from previous studies at other places and other spatial scales. If experts are asked to rank an environmental variable category based on the knowledge that they have about the potential of these categories to supply an ES, the methodology corresponds to an expert knowledge approach (e.g. Burkhard et al., 2009; Kienast et al., 2009; Grêt-Regamey et al., 2012) . Another widely used methodology relies on well-known relationships between indicators and ES including information from literature (e.g. Egoh et al., 2008; Naidoo et al., 2008) . Methodologies of the fourth category extrapolate ES estimates of primary data such as field surveys (e.g. . The last category covers quantitative regression model approaches (e.g. Lavorel et al., 2011) . Furthermore, there are different tools for ES value mapping, such as InVEST ) and ARIES (Bagstad et al., 2011 -the former based on land cover/land use proxies, but transferring values based on meta-analytical transfer function, the latter on Bayesian Networks using value-up scaling methodologies. Finally, many ES mapping studies use different boundaries from administrative to functional (Seppelt et al., 2011; Helfenstein and Kienast, 2014) . Recommendations and knowledge gaps identified for ES mapping range from data availability to the integration of inter-linkages and multiple scales into the approaches (e.g. Tallis and Polasky, 2009; de Groot et al., 2010; Maes et al., 2012a Maes et al., , 2012b Martinez-Harms and Balvanera, 2012; Crossman et al., 2012 Crossman et al., , 2013 Schägner et al., 2013) . While blueprints attempt to structure the approaches suggesting best practices for modeling and mapping ES (Crossman et al., 2013) , a stepwise approach for practitioners, where complexity increases across tiers, is suggested for example by the IPCC (2006) tiered approach, the TEEB (2010) tiered approach, and implemented in the InVEST model (Kareiva et al., 2011) for supporting users to meet their requirements based on the best scientific knowledge. Depending on the problem, a tier 1 approach can for example allow a consistent mapping of ES in data poor regions, while only a tier 3 approach can provide answers to an urban planning issue. A consistent yet flexible approach can thus be highly beneficiary when dealing with complex nested social-ecological systems, where aspects of behavior are interrelated and unpredictable and where causes are always multiple (Bennett et al., 2009) .
While the demand for a standardized approach for mapping ES is legitimate, one needs however to be careful not advocating a panacea. Complex social-ecological systems are difficult to manage due to unpredictable consequences and manifold interactions of factors, and there are no cure-all proposals for solving any complex problems related to achieving sustainable social-ecological systems. Ostrom (2007) presented a framework for systematic diagnosis of the structure and outcomes of complex, multitier social-ecological systems. The framework aims at supporting scholars to diagnose which deeper-tier variables are relevant to a particular class of problems. It prevents scholars to measure a wide diversity of variables rather than monitoring a set of factors across the biophysical and social domains whose combination tend to lead to relatively sustainable and productive use of a particular resource system operating at a specific spatial and temporal scale. It thus helps scholars identify at what conceptual level their research is located, and thus provides a basis to select the adequate, manageable combination of variables to be analyzed and monitored in a given setting.
In this contribution, we present how a tiered approach based on the Ostrom (2007) framework can be adapted for ES mapping: The different tiers are defined according to how the considered variables affect ES interactions, ES supply and ES demand related to a specific empirical or policy question under investigation, i.e. relevant to the users, policy makers or researchers with increasing level of detail and complexity from tier 1 to higher, more detailed tiers. Lower tier variables can be unpacked and further described in higher tiers. We illustrate the approach by mapping recreation at three different tiers. In a first step, we identify variables used in studies mapping recreational services in a thorough literature study and categorize them into three different tiers according to the level at which they can be managed. Based on this analysis, recreational services are mapped using a set of manageable, relevant variables and adjusted methods at each level. We close by comparing the suggested approach to other tiered approaches and discuss advantages and disadvantages of the approach.
Methods
ES are the products of complex interconnected social-ecological systems (Carpenter et al., 2009; Scholes et al., 2013) . Mapping ES supply and values thus requires a deep understanding of the socialecological system to better manage the dynamics of the relationship between humans and the ecosystems on which they rely. Ostrom (2007) suggested a nested framework to identify which variables help or do not help to explain interactions and outcomes in a given social-ecological system operating at a specific spatial and temporal scale. It is based on eight broad variables with two main variables in the middle including interactions and outcomes, and four variables jointly affecting and indirectly affected by the interactions and resulting outcomes including (i) the "resource system" (e.g. fishery, lake, grazing area), (ii) the "resource units" generated by that system (e.g. fish, water, fodder), (iii) the "users" of that system, and (iv) the "governance system".
Variables affecting the interactions and outcomes of the socialecological systems are first identified in empirical studies and then arranged in a nested, multitier framework according to the categories described above: Each variable is further specified into higher tiered variables depending on the level needed to describe how the system operates in space and time. For example, the resource system at tier 1 can be fishery producing the resource unit fish, at tier 2 the resource system can be further specified as coastal waters characterized by a finite size of renewable fishery and the resource unit fish can be further described as an individual resource unit (a captured fish) which becomes property of the boat owner and can be sold for cash. How the variables need to be specified depends on the empirical or policy question under investigation. This requires a thorough meta-analysis of the scientific literature to capture all the relevant variables related to the policy or empirical question. These variables are then attributed to a certain tier level in the multitier framework. Fig. 1 is the modified Ostrom's framework for ES mapping illustrated for flood regulation services. The resource system is replaced by ecosystems (E), and resource units generated by the system correspond to the ES, the users (U) and the governance system (GS) interacting with and indirectly affected by the interactions (I) and the resulting outcomes (O) were kept identical to Ostrom's framework. According to Ostrom (2007) , the "entry point of such an exercise depends on the question of major interest to the researcher, user, or policy maker". Similarly, the Millennium Ecosystem Assessment highlighted the importance of spending time and resources at first for investigating the mechanisms and processes of the social-ecological system (Millennium Ecosystem Assessment, 2005) .
The operationalization of the tiered approach for any given ES consists thus of the following four steps: (i) define the goal of the assessment, e.g. the policy or empirical question; (ii) identify the components of the system in a meta-analysis of individual case studies or new research-select all relevant ES mapping studies and scan for the variables used for mapping; (iii) attribute the variables to the different levels of a multitier framework-for each variable, determine the level at which it best answers the policy question (the number of tiers thus depends on which set of variables in space and time are needed to provide relevant information to answer the policy or research question); and (iv) choose an appropriate method for each tier that considers the variables assigned to this tier based on the reviewed studies. For flood regulation, for example, (i) the goal of the assessment can be securing flood regulation in a given catchment area, (ii) the variables which have been used for mapping are identified in a meta-analysis, and can include land use/land cover, vegetation, topography, soil and precipitation (Crossman et al., 2013) . (iii) At a lower tier level, land use/land cover can be managed for example by designating flood plains or protecting forest areas. At higher tiers, decision makers can for example further define the management of the forest by type, structure and condition but can also limit settlement areas to reduce the risk or build protective structures such as damns at a specific location. Each variable is positioned in the nested multitier framework which could at tier 1 consist of a forest as an "ecosystem" (E) providing flood regulation as a service (ES) used by a certain number of residents (U) within the flood risk area and managed through the establishment of protected areas (GS). At higher tiers, the forest (E) can be further described by type, structure and condition, the regulation service (ES) quantified by considering the reduction in runoff and associated damages, the users (U) analyzed regarding the history of use, social and economic attributes, and the governance system (GS) described by its organizations, networks and rules that lead to certain measures such as the establishment of protected areas or the construction of protective structures. The variables attributed to each tier are then linked through relationships identified in the literature, according to, for example, Egoh et al. (2012) .
In this paper, we illustrate the tiered approach in detail for recreational service: The major policy question is how to support the long-term supply of recreational services at different administrative levels as required by the EU , national (Swiss Nature and Cultural Heritage Protection Act NHG SR 451) and local (Grün Stadt Zürich, 2005) government structures, thus aiming at organizing the variables according to the level at which decision makers can best manage the supply of or the demand for recreational services. We define recreational services as the physical use of land-/seascapes in different environmental settings according to CICES (Common International Classification of Ecosystem Services). For identifying relevant studies mapping recreational services, we searched several databases including Google Scholar, Web of Science and ScienceDirect for the terms "spatial recreation services mapping". We only considered spatially explicit recreational services studies which substantially reduced their number. While variables identified in the studies covered three main aspects including accessibility, supply of and demand for ES, we excluded studies focusing only on one aspect from our analysis. To identify all variables used for mapping recreation in these studies, the 47 publications were carefully scanned twice to make sure all variables were covered resulting in a total of 90 variables. References are provided in Appendix A. Based on the metaanalysis and the attribution of the variables to the different tiers, we finally linked the variables using different methods for each tier level to map recreational services, thus joining the relevant variables steerable at the same level. Methodological details to map supply of and/or demand for recreational services at each level are provided in Appendix B.
Results

Tiered approach for mapping recreational services
In order to provide policy makers with information about how to secure the long-term supply of recreational services, we defined the (2007) and illustrated for flood regulation. Starting with a policy or empirical question, flood regulation services are analyzed as a multi-level system where the different components (ecosystem, ecosystem service, governance system and users), interactions and outcomes are unpacked from tier 1 to tier 3, i.e. described in more detail in higher tiers.
following nested multitier framework: At tier 1, aquatic and terrestrial ecosystems (E) supply recreational services (ES). The qualities of the ecosystems are influenced by the establishment of protected areas (GS), for example through the EU water framework directive, coast line, naturalness/wilderness and natural protected areas through the birds and habitats directive. Recreational services can be demanded by a given number of users (U) and are under pressure from development investors urbanizing areas (whose behavior are not easily managed at the EU level) resulting in decreasing space for supplying recreational services (O).
Each of the variables listed in tier 1 can be specified in tier 2: For tier 2, different types of recreational areas (E) provide different recreational services (ES), which can primarily be managed by spatial planning (GS). Land uses (and their spatial pattern) linked to information about their accessibility are directly related to the supply of and demand for recreational services, and can be steered through command-control instruments such as spatial planning or marketbased incentives such as subsidies. The recreational services can be demanded by an increasing number of users (U) (which can also be steered by spatial planning instruments but also migration policy), with individual preferences for different types of recreational activities and areas (I). The various and increasing demand for recreational services can increase conflicts over the limited unbuilt areas and thus affect recreational services supply (O).
For tier 3, we can further unpack the variables of the lower tiers: Green urban areas such as parks or sport facilities (E) provide a limited capacity for recreational services (ES). Local government (GS) can enhance the supply of the service by providing recreational infrastructure such as walking tracks that facilitate accessibility. An increasing amount of different user groups such as hikers, bikers or dog walkers (U) with conflicting interests (I) stress the limited capacity of urban open space (O). To account for the capacity of recreational sites, urban development and population density have to be considered and can be steered at this level by building zone regulations and other urban planning instruments as well as marketbased instruments such as taxes.
3.2. Meta-analysis for identifying variables used in mapping recreational services Table 1 lists the variables identified in the studies mapping recreational services and attributed to the three tiers. Variables with similar content were aggregated into four variable groups including land use, use and accessibility, valuation and landscape aesthetics in order to obtain a manageable set of variables categorized into three tier levels. The variables of the land use category are mainly used to describe the Ecosystems (E) at the different levels, while variables in the use and accessibility as well as the landscape aesthetics category characterize different aspects of the Users (U) such as their number, age, income (census data), activities or preferences. The Governance System (GS) is covered by variables of the land use category that express targets for policy measures such as the establishment of protected areas or the planning of recreational facilities. As some variables such as areas of naturalness/wilderness, natural protected areas or settlement expansion can be managed at different levels, they were listed in all three tier levels. On the contrary, some variables such as elevation cannot be modified by changes in the social-ecological system and were listed as "non-manageable" variables. Most variables belong to the land use category that describes the Ecosystem (E). This is not surprising as depending on the goal of the assessment, the study area, and data availability, a wide variety of land use classes was available, whereas for accessibility, mostly main road types and population density were considered. Many variables describing the Users and the Governance System can be steered by decision makers at all three levels: Natural protected areas for example are secured through a network of protected sites in Europe, whereas at the national level, specific landscapes are usually included in national conservation plans; at the local level, quality of recreational sites is specified, design of the recreational sites defined and the structure managed. The specification of the variable thus increases from lower to higher tier level. Similarly, landscape aesthetics can be managed at all three tiers from large undisturbed areas at the European level to a heterogeneous landscape at the national level to managing high ecosystem diversity at the local level. How users value the landscape is however only considered in tier 3.
To get an overview of how the researchers linked the variables they used for mapping recreational services, we looked into their methods in more detail. Most methods can be used for linking the variables in all three tiers as many mapping methods are not depending on the level of detail of the variables used. The first three categories of approaches defined by Martinez-Harms and Balvanera (2012) from binary links between land cover and a constant ES value (e.g. to manifold relationships considering for example the quality of a recreational site, recreational facilities and high quality views on large mountains or water bodies (e.g. Bagstad et al., 2011; Casado-Arzuaga et al., 2013; were applied at all three tier levels identified in this example. Category four and five of Martinez-Harms and Balvanera (2012), namely extrapolation of primary data and quantitative regression models, have especially been applied to the higher tiers 2 and 3 using participatory mapping for collecting primary data about locations of recreational sites (e.g. Brown, 2004; Beverly et al., 2008; or activities and values (e.g. Bryan et al., 2010; van Berkel and Verburg, 2014) in surveys and interviews. Participatory mapping methods were often also used to assess the number of visitors and their preferences for recreational site qualities, while GISbased methods were more used to quantify the accessibility based on infrastructure and population density (e.g. Beeco et al., 2014) . Especially for assessing recreational services demand at higher tiers, participatory and GIS-based approach were combined, for example for determining preferences through surveys and then deriving common landscape features (e.g. in quantitative regression models (e.g. . The selected methods for all three tiers are described in more detail in Appendix B.
Mapping of recreational services
Based on the schematic models presented in Fig. 2 , recreational services were mapped at the three different levels (Fig. 3 ). At the tier 1 level, the resulting map shows nine categories summarizing proximity of sites (easy, medium, and difficult) and provision of recreation (low, medium and high) for Europe. Thirty-three percent of land is categorized as "easily accessible" and most part is covered by the category "low supply-easily accessible". This is an expected result in Europe reflecting the high level of urbanization. At the tier 2 level, individual preferences for recreational sites were considered allowing mapping the supply of "nearby recreation" (Fig. 3, middle) . The two maps show the supply of "nearby recreation" for (a) densely populated areas which -as a rule (Degenhardt et al., 2011 ) -has a high demand for recreation (upper middle), and (b) for less densely populated areas with a lower demand (lower middle). The tier 3 level did not include survey data. Instead, several thresholds defined by the municipality of Zurich (Switzerland) about the maximum distance to, minimum size and maximum capacity of recreation areas were considered together with high resolution data on green space Table 1 User and governance structure variables used in studies mapping recreational services categorized into three tiers depending on the level needed to describe how the system operates in space and time. Non-manageable variables are listed at the bottom. Bold are the variables that were used for recreational services mapping in this study. References are provided in Appendix A.
Category
Tier 1 Tier 2 Tier 3
Land Use [5, 16, 23, 27, 34, 39, 42] Administrative boundaries [29, 38] : national Administrative boundaries [29, 38] : local Bogs, moorland [6, 21, 29, 32, 33, 35, 41, 43] Agriculture [4, 13, 21, 24, 29, 30, 32, 33, 34, 6, 41] Coastline/lake and river shore [11, 21, 25, 29, 35, 36, 41, 44, 45, 47] : European Coastline/lake and river shore [11, 21, 25, 29, 35, 36, 41, 44, 45, 47] : national Coastline/lake and river shoretypology and population density. For accessibility, a detailed road network of walking and cycling paths was considered linking inhabitants to recreation areas. The map shows the provision of recreation areas for residents in percentage where 100% means that all requirements regarding capacity and distance are fulfilled, i.e. the inhabitants have sufficient appropriate recreation opportunities. This indicates where provision of recreation areas is high and where it is low. Similar to tier 2, this information could be used as a first selection of areas under pressure that need to be further investigated. It was recently used as a decision support to plan the development of new parks and foot paths in the municipality.
Discussion
The EU Member States are called to map their ES until 2014, as required by Action 5, Target 2 of the Biodiversity Strategy. This short time span hides the danger of imposing a single and easy to apply mapping approach to all countries. Decision makers do however not need a graphical representation of the ES supplied in their countries, but need ES maps to better understand and manage the dynamics of the relationships between humans and the ecosystems on which they rely to cover the demand of future generations for ES. The nested tiered approach suggested by Ostrom (2007) addresses this issue by providing a framework to identify which variables help or do not help to explain interactions and outcomes in a given socialecological system operating at a specific spatial and temporal scale. The framework intends to develop a diagnostic method to analyze and guide social-ecological systems. Modified for mapping ES, we show how such an approach allows building on the work of scholars who have undertaken careful, well documented sound studies in ES assessment. The framework can be applied to any given ES as demonstrated by the step by step description which starts with the identification of the policy or empiric question and proceeds with a thorough literature analysis to identify the variables used in other ES mapping studies. The identified variables are then attributed to a tier level in a multitier framework according to the level at which they best answer the policy or empirical question. This categorization is expert-based and presents a major challenge of the approach (Ostrom, 2007) , but provides the main step for identifying the relevant variables needed to generate the ES maps required by the decision-makers or policy makers.
As a framework, the presented tiered approach supports the efforts toward a standardized ES assessment and provides information about relevant variables to be considered in long term monitoring at different levels thus relevant to a specific policy or empirical questions. Combining the efforts of various empirical studies to a set of relevant variables is a step toward an integrated approach and supports mapping ES in a cost-efficient manner, as not all variables need to be measured-only the ones which are subcomponents of other variables posited to affect ES interactions, ES supply and ES demand related to a specific empirical or policy question under investigation. Furthermore, the tiered approach supports sustainable resource management as it provides a framework to analyze specific questions about how to manage social-ecological systems (i.e. how to support the long-term supply of ES) at different administrative levels as illustrated for recreational services. It ensures the inclusion of information relevant to decision makers in ES maps at different levels while maintaining flexibility in the choice of the method.
Comparing the suggested framework for ES mapping to other tiered approaches, the IPCC (2006) also states that the selection of the tier level should not be based on data availability, but on the Fig. 2 . Schematic models used to map recreational services at the three different tier levels using variables identified in the meta-analysis that are manageable and therefore relevant at each level. The models were adjusted to the specific requirements at each level and described in Appendix B.
A. Grêt-Regamey et al. / Ecosystem Services 13 (2015) [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] goal of the assessment. While the outputs of tiered approaches differ, outputs of same tiers can be compared as they give recommendations on how to address a given problem at a given spatial and temporal scale. Both the tiered approach presented in this contribution and the IPCC approach allow comparisons of outputs from same tiers: The presented tiered approach for mapping recreational services shows how to define the adequate variables and methods to generate ES map relevant to decision makers at different governance levels; the IPCC guidelines for inventorying greenhouse gases suggest for example three different tiers for accounting for carbon from forest harvesting and wood products that lead to different incentives for conserving or Fig. 3 . Map of recreational services for three different levels. Tier 1 shows the provision of nature-based recreation in Europe modeled according to the Recreational Opportunity Spectrum (ROS). The ROS presents nine categories of recreational services provided. They combine 3 levels of recreational supply (low, medium and high) with 3 degrees of proximity. Tier 2 presents the suitability for nearby recreation areas for (a) densely populated areas (at least one 0.25 km 2 cell with more than 500 inhabitants within a 2 km radius from target cell) and (b) less densely populated areas (2 at least one 0.25 km 2 cell with 100-499 inhabitants within a 2 km radius from target cell), and tier 3 shows the supply of recreational sites for residents in percentage where 100% (green) means that residents have sufficient appropriate recreation opportunities. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) enhancing carbon stocks. In contrast, the suggested TEEB tiered approach (TEEB, 2010) aims at valuing ES in a flexible framework with increasing degree of detail from theory to practice using three principles: (1) Recognizing values in ecosystems, landscapes, species and other aspects of biodiversity, (2) demonstrating the value in economic terms, and (3) introducing mechanisms that incorporate the values of ecosystems into decision making through incentives and price signals. While the latter tiered approach provides information on whether it is necessary to proceed to the next level of detail, it however does not help identify at what conceptual level the research is located and how research undertaken at multiple conceptual levels using diverse methods complements, rather than competes with research using other methods and other levels. Selecting a tier level should thus focus on understanding if the resulting map provides adequate information for answering the original question. For example, selection of the IPCC approaches for accounting for carbon from forest harvesting and wood products is based on understanding what information should be generated that meet the reporting requirements of the Convention (Lim et al., 1999) . Such criteria might be helpful to be formulated for ES mapping by the EU to ensure consistency, while maintaining the flexibility of the mapping approaches. Availability of the data is critical for all tiers. As data from higher, more detailed tiers are unpacked variables of lower tiers, higher tier variables often are more data-intensive. For instance, the tier 3 approach to mapping recreational services is a data-intensive approach, requiring a detailed map of green space typologies that only a few countries have. Yet, the level of detail depends on the goal of the mapping exercise: Each of the lower-tier conceptual variables can be unpacked and related to other unpacked variables. Once we identify a good entry point for examining a particular question, one can then select the set of variables for mapping ES either from one tier alone or by combining the tiers. Multi-scaling, meaning doing a study at several scales simultaneously, has been promoted by the Millennium Ecosystem Assessment (Capistrano et al., 2005) , when the problem or objectives intrinsically require a multi-scale approach, the responses require syntheses of data across scales; analysis of causality and trade-offs are important to users, or a sense of ownership of the assessment is required from stakeholders at various scales. Scholes et al. (2013) summarizes it well in his conclusions by requiring that multi-scales and cross-scales studies need not to be conducted at every possible scale increment. Usually the information determined at one scale can be aggregated upwards and disaggregated downwards with acceptable credibility over a certain scale range, if the scaling rules for the phenomenon under assessment are understood.
Another important and insufficiently assessed issue is the accuracy of the ES maps. Schägner et al. (2013) reviewed the literature on mapping ES values and found that only few studies addressed the question of accuracy and precisions of their mapped values at all. Because the tiered approach is guided by a policy or empirical question, it ensures that the level of accuracy meets the decision makers' demands. When reflecting the four sources of errors in ES value mapping identified by Eigenbrod et al. (2010a,b) , including (1) errors in the primary ES supply and value estimates, (2) uniformity, generalization or interpolation errors, (3) sampling or publication errors and (4) regionalization or extrapolation errors, one understands that a nested approach as presented in this contribution can support in addressing errors (2) and (4), and that by selecting the right tier, one can explicitly address errors in (1). The selection of input data can also significantly affect ES estimates, as demonstrated by Konarska et al. (2002) and Kandziora et al. (2014) , which calls for a careful selection of input variables and methods to address the question at stake. But not only ES values are highly depending on uncertainties, but the spatial pattern of ES changes substantially when considering uncertainties in ES values as illustrated by Grêt-Regamey et al. (2013b) : They used a Bayesian Network approach for quantifying uncertainties in a spatially explicit manner. The resulting maps visualize the geographical variation of uncertainties, which might be one way to increase confidence in ES maps.
While the tiered approach can serve as a framework for ES mapping, there are other aspects that need to be considered: Even when variables can be packed and unpacked up and down the tier levels and combined with other tier variables, mapping one ES without considering the other ES makes assessing ES trade-offs difficult. While several authors noted a critical need for mapping the simultaneous provision of multiple services at the landscape scale (Naidoo and Ricketts, 2006; Gimona and van der Horst, 2007) , advancing the understanding of ES trade-offs and synergies is highly needed (Bennett et al., 2009; Carpenter et al., 2009 ). Most studies have described spatial co-occurrence among services or between multiple ES and biodiversity and the processes that drive ES delivery and cause trade-offs or synergies remain often unclear (e.g. Kremen, 2005; Quétier et al., 2007) . Within the last years, researchers have developed more comprehensive approaches for quantifying connections between ecological structures and processes and ES for spatial extents and time frames useful in management (Quétier et al., 2007; deBello et al., 2010) . Especially, plant functional traits have been identified as key mechanisms by which groups of species influence ecosystem properties, and regression approaches using local data have been used to link community structures to ecosystem functioning (e.g. Grigulis et al., 2013; Lavorel and Grigulis, 2012; Diaz et al., 2007) . The emerging concept of macro system ecology, emphasizing the investigation of the interactions between different temporal and geographic scales integrating knowledge of different disciplines (Heffernan et al., 2014) , could support our efforts in generating ES maps relevant for decision-makers.
Finally, the choice of the tier level is also highly dependent on the intended use of the maps in communication. ES maps can be integrated in participative planning methods where they are used as decision support (e.g. Koschke et al., 2012; Grêt-Regamey et al., 2013c) . While a high level of detail of information is needed for communication and motivation at the beginning of an ES mapping process, the evaluation of alternative plans and the decision making process requires lower tier maps as described in Wissen (2011) . This brings us back to the starting point of the presented tiered approach which is to identify the goal of, respectively the question to be answered by the mapping exercise. This tiered approach thus not only supports cost-efficient ES mapping but focuses on generating maps with relevant information for decision makers and useful in sustainable resource management. Moving from mapping different aspects of ES to analyzing complex socialecological systems searching for solutions for sustainable management of such systems is in agreement with efforts of other scholars such as described in the recent special issue on telecoupled systems (Heffernan et al., 2014) .
Conclusions
Ostrom (2007) wrote that her nested framework for analyzing social-ecological systems is intended to be a step toward building a strong interdisciplinary science of complex, multilevel systems that will enable future diagnosticians to match governance arrangements to specific problems embedded in a social-ecological context. This study provides the needed ground to address the pressing issue of developing a consistent but flexible ES mapping approach for the EU Member States. The presented tiered approach for mapping ES, adapted from Ostrom (2007) , shows how scholars can select the adequate combination of variables to be used in ES mapping. Providing information about relevant variables to be considered in long-term monitoring at different levels, it supports the efforts toward comparable ES maps. Finally, as it focuses on information relevant to decision makers at different levels while maintaining flexibility in the choice of the method, it is expected to be a key step in sustainable resource management.
Appendix B. Models used to map recreational services
For recreation, many people like to spend time outside for various activities. At the pan-European scale (tier 1), we used a model developed at the JRC (Maes et al., 2011; Zulian et al., 2013; to determine the capacity of ecosystems to provide recreation opportunities. The model works in three steps: First, using a composite mapping approach, the ecosystems were evaluated in terms of their potential supply and a Recreation Opportunity Index (RPI) was derived. Main components were the land cover, the natural protected areas, the presence and quality of in-land water and coast, and the accessibility of the sites (Fig. 3) . In a second step, the RPI was overlapped with a proximity index depending on the distance to settlement and roads in order to compute a recreation opportunity spectrum (ROS). The ROS was initially developed in the United States (Clark and Stankey, 1979) as a framework to integrate recreation into landscape planning. The spectrum describes the variety of recreational sites and activities provided by the biophysical environment . The resulting map shows nine categories summarizing proximity of sites (easy, medium, and difficult) and provision of recreation (low, medium and high). Finally in the third step, the potential accessibility is computed deriving the proportion of potential trips for each ROS category (this step wasn't computed in this exercise).
An analysis of recreational behavior of people living in five Swiss towns with 10,000-100,000 inhabitants using questionnaires was used as the tier 2 method . The focus was on the nearby recreational areas which can be reached within 10 to 15 min. Respondents were asked to indicate (1) outdoor activities, (2) time spent, (3) type of transportation used, (4) preference for given landscape properties, and (5) preferred locations on maps with a cell size of 1 km 2 . Areas with high numbers of preferred landscape elements were flagged as highly suitable. Areas with no or little attractive landscape properties were flagged as least suitable. Generalized linear models were applied to link reported presence/absence of people in the 1 km 2 cells to landscape properties of the same cells.
The surveys revealed that the recreation behavior is similar across different cultural backgrounds as approximated by language. Landscape characteristics found to significantly influence nearby recreation in the model included distance to residence, open water, forests, summits with overview and avoidance of major roads . Based on these relationships, the supply of the ES "nearby recreation" was estimated for Switzerland. As we were interested in the supply of the ES "nearby recreation" for the urban and periurban population of Switzerland, we limited our calculation to an outer edge around settlements of max. 3 km (Euclidian distance) which corresponds to a max. traveling time of 10-15 min by car. A more detailed description can be found in Buchecker et al. (2013) . For the tier 3, we used a method requiring local data and applied it to Schlieren, a municipality in the agglomeration of Zurich (Switzerland): First, potential recreational sites were selected based on a detailed green space typology provided by the city of Zurich and a required minimum size of the recreation area defined by the municipality (Grün Stadt Zürich, 2005) . A service area for each selected recreational site was then calculated based on its accessibility by foot along footpaths, that is, within walking distance. A detailed road network was provided by the Federal Office of Topography, Swisstopo. The capacity, i.e. the amount of people visiting an area at the same time as well as the amount of recreation area per inhabitant was defined by Grün Stadt Zürich (2005) . Population census data was provided by the Federal Office for Statistics. With these thresholds and the number of people living in the service area, we calculated the cumulated capacity of recreation areas. The resulting map shows the percentage of recreational services provided to residents by potential recreation areas within a certain distance, where 100% means that all requirements mentioned above (size of the area, distance to inhabitants, etc.) are fulfilled.
